The present review provides an outline of the current knowledge of trans fatty acids (TFA) including their structure and formation, occurrence in foods, especially in meat and meat products, and some estimation and evaluation of daily intake. Special emphasis is put on conjugated linoleic acids (CLA), related to unique beneficial physiological properties, such as on cancer inhibition via the immune system.
I n t r o d u c t i o n
The scope of the present review is to provide comprehensive information on trans fatty acids (TFA). It covers the structure and formation of TFA, estimations of the dietary intake as well as their occurrence in foods. Particular attention is paid to describe the conjugated linoleic acid (CLA) isomers, which possessed the great physiological effects, such as anti carcinogenic and anti atherosclerotic properties (Fri t s c h e , J., S t e i n h a r t , H., 1998-a).
Structure and formation of trans fatty acids
In the diet of the most industrial nations, more than one quarter of total daily calories are provided by fatty acids, which contain at least one double bond. The usual configuration of these double bonds is in cis configuration, and the C=C double bonds are typically positioned at the 3 rd , 6 th 9 th carbon atom from the terminal methyl group, e.g. oleic acid (18:1 cis9), or linoleic acid (18:2 cis9 cis12). However, some fatty acids have one or more double bonds in the trans configuration, the so-called trans fatty acids (TFA) (Figure 1 ).
Both, TFA and CLA arise in the first stomach of ruminants as intermediates of the hydrogenation of dietary unsaturated fatty acids during bacterial fermentation. The first step in this bio-hydrogenation is the isomerization of the linoleic acid into mainly 18:2 cis9trans11 catalyzed by the anaerobic bacterium. In the next step, these intermediates are hydrogenated into the mixture of mainly trans vaccenic acid and elaidic acid (Figure 2 As the results of this reactions the fat in butter, cheese, milk and beef contains approximately 2-8% TFA by weight (Pfa l z g r a f , A., et al., 1994) . TFAs are also formed in varying amounts during the industrial hydrogenation of vegetable or fish oils. The hydrogenation provides oxidative and thermal stability, in particular for the highly polyunsaturated oils, which contain linolenic acid (18:3, ω-3). In extreme case in the full hydrogenation the oil contains 0% of TFA. In practice, the TFA content is limited by the thermodynamics of the cis-trans equilibrium to approximately 75% of the total number of double bonds (Pat t e r s o n , H.B.V., 1994).
In ruminants it is evidence that 18:1 trans-11 is the important precursor of the cis-9, trans-11 CLA , endogenously hydrogenated by Δ9-desaturase (C o r l , B.A., et al., 2001). In addition, CLA can be also formed trough the auto-oxidation of linoleic acid by free radicals, followed the deprotonation of the pentadienyl radical by proteins, as shown in Figure 2 .
TFA and CLA contents in food Edible oils and margarines
Edible oils such as refined or unrefined walnut, olive, sunflower, rapeseed, soybean or peanut oils or coconut fat have only disorderly amounts of TFAs and CLAs (F r i t s c h e , J. and S t e i n h a r t , H., 1997 and F r i t s c h e , J. and S t e i n h a r t , H., 1998-b). Refined oils contain significantly higher content of TFA in comparing with unrefined oils, as shown in Table 1 The TFA amounts in refined oils are influenced of duration and temperature of refining. Soybean oil can be partially hydrogenated for use in margarine to prevent flavor reversion (F r a n k e l , E.N., 1987). Whereas C h i n et al. (C h i n , S. F. et al., 1992) found CLA in coconut and olive oil in an order of about 0.02g/100g fat.
The main TFAs in margarines are the 18:1 isomers, approximately 85% of total TFA content in vegetable margarine. The 18:1 trans, 18:2 cis/trans and 18:2 trans/cis, total CLA and TFA originating from different countries are also presented in Table 2 . Distinct variations of TFA contents in margarine are observed. This wide variation can be explained by the different processing parameters, such as hydrogenation, or/and deodorization conditions. Another reason for reduce the TFA content is probably the changed the blend oils in the margarines composition. Partially hydrogenated oils seem to have been replaced by palm, kernel or coconut oil to obtain acceptable consistency (B a y a r d , C.C. and R.L. W o l f f , 1995). CLA does not arise in considerable amounts during regular processing conditions (F r i t s c h e , J. and S t e i n h a r t , H., 1998-b). Only a, few reports, detectable CLA content, are observed in margarine. For instance, it was found that CLA content ranging from 0.31-2.04% in Turkish margarine (K a y a h a n , M. and T e k i n , A., 1994).
Milk and dairy products
Milk fat generally is a fat of rich dietary source of TFA (see Table 2 .). The major TFA isomers in dairy product is vaccenic acid (18:1 trans-11) and the other isomers have a lower amounts (F r i t s c h e , J. and S t e i n h a r t , H., 1997 and F r i t s c h e , J. and S t e i n h a r t , H., 1998-b). For instance, the contents of Legend: symbols are the same as listed in Table 1 palmitelaidic acid (16:1 trans-9) varied between 0.04% (goat cheese) and 0.21% (light dammer) (F r i t s c h e , J. and S t e i n h a r t , H., 1997). Total TFA content ranged from 1.5% to 6.5% in raw milk. The variations of TFA contents in dairy products can be explained by varying TFA contents in milk fat. The milk fat content and composition are influenced by the season and also by the different processing parameters, such as heat treatment after pasteurization. An influence of fermentation on the TFA content in yogurt or cheese is also possible. Dairy products are also a major source of CLA, ranged from 0.24% to 1.77% ( Table 2 ). The wide variability is caused by the range of CLA content in the raw material, which is probably influenced by different dairy cow breeds and feeding systems, as well as processing parameters (heat treatment, storage, composition of starter cultures and so on).
Meat, meat products and fish
The TFA contents in meat are presented in Table 3 . They ranged from 0.2% in horse up to 10.6% in mutton. Meat from non ruminants such as pork or poultry shows distinctly lower TFA contents than the meat from the ruminants. The TFA content and isomer distribution in beef is similar to that in milk or dairy products (Pfalzgraf, A., Timm and M., Steinhart, H., 1994). The 18:1 trans isomers are the predominant isomers in the meat and with the amount about 80% of the total TFA. The TFA content in the meat product varied from 0.2% to 3.4% of the total fat. These values assume an intermediate position between meat from ruminants and non ruminants, depending of the raw starting material used. German products contain predominantly pork, and therefore reflect comparatively lower TFA amounts. Native fish oil negligible TFA content up to 1.1% compared with those of meat or dairy products. The major TFA isomers are also the octadecenoic acid isomers, average 60% of total TFA (Table 4) . Carp has the highest TFA amount (1.1%), which might be caused by feeding TFA containing food to the fish in aquaculture (F r i t s c h e , J. and S t e i n h a r t , H., 1997).
In addition the CLA content in the meat from ruminants from instance 1.2% of lamb, is higher than in the meat from non ruminants e.g. 0.12% in pork. In this case CLA may occur from dietary source such as feeding meat meal (F r i t s c h e , J. and S t e i n h a r t , H., 1998-b). Another explanation may be the formation the CLA by the intestinal bacteria, as shown for rats (C h i n , S.F., et al., 1994). The CLA content in meat products ranged from 0.27% to 0.44%. It seems that CLA content reflects their raw material and has been influenced neither by processing conditions nor by fermentation. The CLA levels in the fish ranged from 0.01% in pike to 0.09% in carp. Currently, a few data dealing with the CLA content in fish are available. Table 1 Estimation and evaluation of daily TFA and CLA intake
The dietary TFA has been estimated from the dietary questionnaires or recall data, milk fat data or food content analysis data. Commonly, the basis of TFA intake calculation varies resulting in varying intake levels in the literature. The main dietary TFAs are the trans-octadecenoic acids, which contribute to approximately 80-90% of total TFA content in foods. One of the most recent TRANSFAIR studies (V a n de V i j v e r et al., 2000) reported a very low intake of TFA amounting to 0.87en% in man and 0.95en% in woman, respectively (Table 5 ). It should be mentioned that the TFA intake in these study was observed with range 2.40±1.53g/day for man and 1.98±1.49g/day for women. Table 6 presents an overview of the daily intake TFA and CLA intake in different countries. It seems that that the individuals from the Mediterranean regions have a lower intake of TFA, around the 2g/day, compared with to individuals from other European countries (W o l f f , R. L., 1994). The British Ministry of Agriculture published average TFA intake data from frying oils and foods cooked in frying oils. The intake was estimated in the region of 2.0-1.7 g/day for man and women, respectively (Ministry of Agriculture, 1997). It was reported (P f a l z g r a f , A. and S t e i n h a r t , H., 1992) the daily intake of TFA in 1992 to be 4.1g/day for man in Germany. In a view of decreased of TFA content in German margarines since 1992 the estimation of the daily TFA intake was updated in 1997 to 2.3 g/day (F r i t s c h e , J. and S t e i n h a r t , H., 1997). These results showed a decrease of daily TFA intake since 1992 approximately 40%.
The TFA intake in USA seems to be elevated compared with the intake in Europe, probably due to the higher total fat intake. Since 1984 the per capita availability of TFAs from household salad, cooking oils, margarines, and spread has decreased, however. This decreased is the case of household salad and cooking oils is probably due to the switch of the most manufactures unhydrogenated oil for this product. Per capita TFA consumption from meat and dairy products has remained relatively constant and was estimated to 1.34 g/day per person in 1989 (H u n t e r , J.E. and A p p l e w h i t e , H.T., 1991).
Only a few data concerning the CLA intake are reported. The daily CLA intake in Germany has been estimated to be 0.36 g/day for women and 0.44 g/day for man (F r i t s c h e , J. and S t e i n h a r t , H., 1998-b). Compared with the estimated daily TFA intake, the CLA intake is approximately one fifth. Therefore, the human nutrition in Germany may provide about one fifth of the 0.1% beneficial level of CLA in the diet, based on the relatively contents of the main CLA isomer and total food intake (see Table 6 ). 
C o n c l u s i o n
Partially hydrogenated vegetable oils, dietary products and meat from ruminants are the major sources of TFA in diet. During the past several years the TFA content in most European margarines has decreased significantly, therefore the total daily TFAs decreased in some manner. In numerous foods, particularly in dietary foods CLA have been observed. In contrast to the conventional TFAs, CLAs are linked with unique anti carcinogenic properties. So, the supplementation of CLAs in food should be considered.
